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Objective and design: Primary aldosteronism (PA) represents the most common cause
of secondary hypertension. A higher risk of cardiovascular events has been reported in
patients with PA than in otherwise similar patients with essential hypertension (EH). So far,
only a few studies investigated the electrocardiographic changes in PA patients compared
to EH patients.
Methods: To investigate the electrocardiographic changes and heart remodeling in PA,
we enrolled 61 consecutive patients, 30 with PA [12 with aldosterone-producing adrenal
cortical adenoma (APA) and 18 with bilateral adrenal hyperplasia-idiopathic adrenal hyper-
plasia] and 30 with EH. In all subjects, electrocardiographic parameters were evaluated
from 12-lead electrocardiograms and heart remodeling with echocardiogram.
Results: No significant differences in age, sex, body mass index, and blood pressure were
found in two groups. The P wave and PR interval duration were significantly prolonged in
patients with PA respect to EH (p<0.003 and <0.002, respectively). A first degree atrio-
ventricular block was present in 16% of the patients with PA and only in 3.2% of those with
EH. In PA patients, the interventricular septum thickness (IVST) correlated with PR duration
(r =0.51; p<0.03). Left ventricular hypertrophy was present in 53% of the patients with
PA and in 26% of the patients with EH ( 2χ , p<0.03).
Conclusion: In this case–control study, patients with PA show more anatomic and electri-
cal heart remodeling than those with EH. We hypothesize that in patients with PA these
cardiac changes may play a role for the increased risk of future cardiovascular events.
Keywords: hyperaldosteronism, essential hypertension, electrocardiography, left ventricular hypertrophy,
conduction disturbance
INTRODUCTION
Primary aldosteronism (PA) is a common cause of secondary
arterial hypertension accounting for 5–15% of all hypertensive
patients in special centers (1–5). It is of particular importance
to diagnose or rule out this condition, as hypertensive patients
affected by PA can be cured with adrenalectomy or appropriate
medical therapy (mineral-corticoid receptor (MR) antagonists) in
case of APA and/or idiopathic adrenal hyperplasia (IHA) (6). This
is relevant, as it has been demonstrated that patients with aldos-
terone excess are more prone to stroke, myocardial infarction, and
atrial fibrillation than are essential hypertensives (EH) with risk
profiles (7, 8).
Several studies have shown that patients with PA have a higher
risk for target organ damage than other EH patients [such as left
ventricular hypertrophy (LVH), QT interval prolongation, and
prevalence of metabolic syndrome (SM)] (9–11). This effect is
partially independent of blood pressure change (12), but probably
determined by the effect of aldosterone excess (13).
These non-epithelial effects of aldosterone supports the con-
cept that blood pressure and hemodynamic overload are not only
factors involved in the genesis of organ damage such as LVH.
In fact, aldosterone contributes to cardiovascular remodeling via
non-genomic processes, locally synthesized in blood vessel con-
tributes to the hypertrophy of vascular smooth cells (VMMC)
(14), and determined alteration to the geometry of myocardial
cells with cell proliferation and fibrosis (15).
Moreover, many studies have been performed to evaluate the
heart remodeling in PA patients, but until now only few stud-
ies have investigated the electrocardiographic changes in those
patients independent at the levels of serum potassium.
Based on the electrophysiological aldosterone modifications in
cardiac myocytes and fibers of conduction system (16), the aim
of this study was to investigate electrocardiographic changes and
heart remodeling in PA patients compared to EH patients.
MATERIALS AND METHODS
PATIENTS
Sixty-one adult patients (39 males and 22 females) were enrolled:
30 patients with PA (12 with APA and 18 with IHA) and 31 patients
with EH. All patients have been referred to the Specialized Center
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of Secondary Hypertension, Department of Internal Medicine and
Medical Specialities, University of Rome “Sapienza”, Italy.
This study was approved by our ethical committee, and
informed consent was obtained from all subjects before their
enrollment.
DIAGNOSIS OF PRIMARY ALDOSTERONISM
After 2 weeks of following a normal sodium (140–150 mEq/day)
and potassium intake (40–50 mEq/day), fasting blood samples for
plasma aldosterone concentration (PAC) and plasma renin activity
(PRA) were obtained in all subjects.
Patients were supine for at least half an hour. All anti-
hypertensive drugs were withdrawn at least 3 weeks (up to
2 months for anti-aldosterone drugs) before hematochimic, bio-
chemical, and hormonal evaluation.
In hypertensive patients whose treatment could not be with-
drawn for ethical reasons, calcium-channel blockers (nifedipine or
amlodipine) or α-1-receptor blockers (doxazosina) were utilized
at doses required to achieve blood pressure control. These agents
are considered to have a neutral effect of rennin–angiotensin
aldosterone system (RAAS).
Diagnosis of PA was made as described previously (10). A
cut-off PAC/PRA ratio of more than 40 (ng/dl: ng/ml/h) in
the presence of PAC higher than 15 ng/dl and suppressed PRA
(≤0.2 ng/ml/h) was used as a screening for PA. In the case of a
PAC/PRA ratio greater than 40 (ng/dl:ng/ml/h), patients under-
went a saline infusion (0.9% NaCl 500 ml/h for 4 h) as a confirma-
tory test, and only those with PAC levels that failed to decrease to
<5 ng/dl after the saline infusion were diagnosed as having PA. An
imaging test comprising high-resolution computed tomography
(CT) with 3 mm slices and systematic use of a contrast medium
and/or magnetic resonance imaging (MRI) was mandatory in all
patients with a positive test and PA ≥5 ng/dl after saline infusion.
In all cases, the diagnosis of APA was confirmed by histopatho-
logical diagnosis, while IHA diagnosis was performed by technical
imaging (e.g., adrenal vein sampling).
ESSENTIAL ARTERIAL HYPERTENSION
The diagnosis of EH was established based on the absence of
clinical history and laboratory data of secondary hypertension:
principally normal values or plasma and urinary electrolytes, renal
function, urinary metanephrines, the RAAS, urinary free corti-
sol, and calcium-phosphorus system. All patients with white coat
hypertension were excluded from the study.
ELECTROCARDIOGRAM
All patients underwent a 12-lead resting electrocardiogram (ECG)
with PC ECG NORAV 1200 MEDICAL Ltd. using a specific soft-
ware, the following parameters have been calculated: amplitude
and duration of P wave, PR interval duration, and amplitude and
duration of QRS complex, QT interval, QT interval corrected for
the previous cardiac cycle length (QTc) by Bazett formula and QT
dispersion (QTd).
ECHOCARDIOGRAM
All patients underwent transthoracic echocardiograms performed
by the same operator with 3.5 MHz probe, II armonica, Toshiba
Sonovue 8000. Two different readers measured all of the echocar-
diograms, in a blind manner, the average of two calculations
was considered for the study of the left ventricular (LV) inter-
nal dimensions, interventricular septum (IVS), and posterior wall
thickness were measured according to the recommendations of the
American Society of Echocardiography (17) and derived anatomic
variables were calculated (15). Left ventricular mass index (LVMi)
was obtained by normalization of LVM for height to the 2.7 power,
and LVH was prospectively defined as a value of LVMi≥50 g/m2.7
in males and 47 g/m2.7 in females (18). Ejection fraction, endo-
cardial, and midwall fractional shortening (FS) were calculated
by standard methods (19). LV end-diastolic and end-systolic val-
ues were calculated with the Teicholz’s correction of the cube
formula (20).
DIAGNOSIS OF METABOLIC SYNDROME
Metabolic syndrome was defined according to Adult Treatment
Panel III (21) criteria, and its diagnosis required three or more of
the following conditions: (1) waist circumference >102 cm in men
and >88 cm in women, (2) triglycerides of 150 mg/dl or higher, (3)
high-density lipoprotein (HDL)-cholesterol <40 mg/dl for men
and <50 mg/dl for women, (4) fasting glucose of 100 mg/dl or
more, and (5) systolic BP of 130 mmHg or more and diastolic BP
of 85 mmHg or more.
BIOCHEMICAL MEASUREMENTS
Plasma renin activity was measured by radioimmunoassay (RIA)
using commercial kits (RenCTK: Sorin Biometrics). Normal range
sitting at rest, on normal sodium diet was 0.2–2.8 ng/ml/h; intra-
assay and inter-assay coefficients of variations (CVs) were within 8
and 10%, respectively. The assay for PAC was performed with diag-
nostic kits (Aldosterone Mirya, Technogenetics). Normal range
was 1–15 ng/dl supine, 3–32 ng/dl upright on a normal sodium
diet; intra-assay and inter-assay CV, where both<5–6%; the cross-
reactivity of the antibody for aldosterone for other adrenal steroids
was <0.001%.
EXCLUSION CRITERIA
Patients with non-sinus rhythm, advanced atrio-ventricular
block, bundle branch block, coronary artery disease (CAD),
structural abnormalities of heart and those on antiarrhyth-
mic, ACE-inhibitor or angiotensin receptor blocker therapy,
renal failure (GFR-MDRD <60 ml/min), liver failure, diabetes,
peripheral artery disease (ABI< 0.9), hypo-hypercalcemia, hypo-
hypermagnesiemia were excluded.
STATISTICAL ANALYSIS
Saphiro Wilk test was used to check the assumption of normal-
ity of the variables. Student’s test was used for the two groups’
comparison of continuous variables, while χ2 test was used for
categorical variables. Person’s rho was calculated to analyze asso-
ciation between electrocardiographic parameters; the dependent
variables have been the following factors: sex, age, body mass
index (BMI), SM, smoke, serum potassium levels, as independent
variables. All statistical comparisons were performed using two-
tailed significant tests, with p≤ 0.05, was considered statistically
significant. STATA was used for all analysis.
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RESULTS
Demographic and hemodynamic data are reported in Table 1. No
significant differences for age, gender, BMI, systolic and diastolic
blood pressure, and heart rate were found between PA and EH
patients. Moreover, we did not reveal a significant prevalence in
both groups for SM (Table 1).
As shown in Table 1, serum potassium levels were significantly
different between PA patients (3.99± 0.68 mEq/l) and EH patients
(4.27± 0.37 mEq/l) (p< 0.05, respectively). Moreover, in patients
with PA, we found a significant increase of serum creatinine val-
ues (1± 0.19 mg/dl) compared to EH patients (0.86± 0.15 mg/dl)
(p< 0.001, respectively). As expected, PAC and PRA levels were
significantly altered in PA patients compared to EH patients, and
in particular PAC/PRA ratio was significantly increased (84.3± 79
vs. 17.6± 15 ng/dl:ng/ml/h; p< 0.0002, respectively).
The P wave and PR interval duration were significantly pro-
longed in patients with PA compared to EH patients (p< 0.003
and <0.02, respectively) (Table 2). In Table 3, we reported the
statistical differences of the echocardiographic parameters in the
two study groups.
Table 1 | Statistical differences in demographic characteristics and
laboratory data in two groups of patients (values are expressed as
mean±SD).
Parameter PA (n=30) EH (n=31) p
Age (years) 55±11 54±10 NS
Gender (male/female) 8/22 16/14 NS
Body mass index (kg/m2) 26.9±4 25.1±3 NS
SBP/DBP 135±17/82±10 129±11/79±6 NS/NS
Heart rate (bpm) 70±10 70±8 NS
Glycemia (mg/dL) 92±13 94±18 NS
Metabolic syndrome 11/30 8/31 NS
Serum K+ (mEq/dL) 3.99±0.68 4.27±0.37 <0.05
Creatinine (mg/dL) 1±0.19 0.86±0.15 <0.001
PAC (ng/dl) 426±422 104±60 <0.0001
PAC/PRA (ng/dl:ng/ml/h) 84.3±79 17.6±15 <0.00002
PA, primary aldosteronism; EH, essential hypertension; SBP/DBP, systolic and
diastolic blood pressure; PAC, plasma aldosterone concentration; PAC/PRA,
plasma aldosterone/plasma renin activity; NS, not significant; p<0.05 is con-
sidered statistically significant.
Table 2 | Statistical differences in electrocardiographic parameters in
two groups of patients (values are expressed as mean±SD).
Parameters PA (n=30) EH (n=31) p
P wave (ms) 108.7±13.7 92.4±12.8 <0.01
PR interval (ms) 177.9±30.6 152.3±19.5 <0.02
QRS interval (ms) 85.5±21.4 75.2±11.5 <0.04
QTc interval 406.7±29.8 404.9±16.0 NS
QTd 41.4±29.0 38.9±22.5 NS
PA, primary aldosteronism; EH, essential hypertension; p<0.05 is considered
statistically significant.
First degree atrio-ventricular block was present in 16% of PA
patients, but only in 2–3% patients with EH (p= 0.09). In PA
patients, PR duration positively correlated with IVS (r = 0.51,
p< 0.03), and IVS with LVMi (r = 0.54, p< 0.04) (Figure 1).
Primary aldosteronism patients showed a significant increase
of the QRS duration compared to EH patients (p< 0.04). This
increase was not significantly revealed in PA patients when
multivariate analysis was performed.
QTc interval, calculated according to Bazett’s Formula, did not
differ significantly between the two groups. However, patients with
corrected QTc >440 ms were affected by PA. Finally, the degree
of QTd in PA patients remained unchanged compared with EH
patients (Table 2).
DISCUSSION
In the present study, we demonstrated a positive correlation
between PR interval and both IVT and LVMI cardio-parameters
in patients with PA, and we hypotheses that the electrical abnor-
malities can be related to myocardial remodeling in this disease
secondary, in part, to aldosterone hypersecretion.
In the last years, many studies have been performed in PA in
order to investigate the effects of aldosterone on cardiovascular
Table 3 | Statistical differences of the echocardiographic parameters in
two groups of patients (values are expressed as mean±SD).
Parameters PA (n=30) EH (n=31) p
LVM (g) 218.7±53.5 185.9±42.3 <0.01
LVMi (g/m2.7) 50.7±11.4 45.2±10.1 <0.05
IVS (mm) 11.3±1.3 10.0±1.2 <0.01
PW (mm) 10.7±1.4 9.6±1.2 <0.01
PA, primary aldosteronism; EH, essential hypertension; LVM, left ventricular
mass; LVMi, left ventricular mass index; IVS, interventricular septum thickness;
PW, posterior wall thickness; p< 0.05 is considered statistically significant.
FIGURE 1 |The graph represents the linear regression between
interventricular septum (IVS) wall thickness and PR interval duration
in patient with primary aldosteronism.
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system, in terms of CAD, LV function, arterial stiffness, and
arrhythmias (7, 8, 12).
For a long time, PA has been considered a relatively benign form
of arterial hypertension, but recent studies suggest that chronic
exposure to aldosterone might lead to cardiovascular and renal
damage (11). In fact, PA patients display unfavorable cardiovas-
cular profiles, suggesting that aldosterone may play an additional
role beyond its well-known hypertensive effects. Extensive exper-
iments using animal models have demonstrated that aldosterone
co-stimulate an abnormal accumulation of collagen (type I and
Type II), which can be reversed partially by a treatment with
spironolactone, an MR antagonists. In particular, a study by Brilla
et al. (17) demonstrated that an aldosterone infusion with a
high salt-intake induces both cardiac hypertrophy and myocardial
interstitial fibrosis. In clinical studies, Rossi et al. (15) reported that
PA patients exhibit significant changes in the myocardial tissue as
compared to EH patients, and secondary to cardiac fibrosis, can
serve as an important determinant of myocardial remodelling and
impaired tissue stiffness. Thus, patients with PA exprimed more
cardiovascular alterations that EH patients, not only due to blood
pressure, suggesting that aldosteronism status represents “per se”
an independent factor for cardiovascular modifications with depo-
sition of collagen fibers in myocardial texture and electrical cardiac
conduction (7). Three mechanisms have been proposed to explain
the slow cardiac conduction secondary, in part, to myocardial
fibrosis: (1) reducing sodium current; (2) reducing cell-to-cell
coupling with down-regulation of the number of connexins (such
as CX43), and (3) barriers of micro-fibrosis that reduces transfer
coupling (16).
Our previous study showed that PR interval was particularly
large in PA patients compared to EH patients. In particular, PR
interval prolongation was positively correlated with IVS thickness,
but PR interval could be also related to hypokalemia or specific
pharmacological therapy. Potassium plays an important role in
maintaining the electrical potential across the cellular membrane,
as well as in the depolarization and repolarization of the myocytes.
In particular, hypokalemia can have dramatic effects on the car-
diac cell conduction and may lead to observable changes on the
ECG. Moreover, as the serum potassium levels delaine, the trans-
membrane is an elevation in the resting membrane potential and
a prolongation of the action potential (particularly in phase 3
repolarization) and the refractory periods (18). As a result of
the increased duration of the activation potential and the refrac-
tory period, patients with hypokalemia have an increased risk for
arrhythmias.
Regarding the drugs treatment for arterial hypertension, in our
study all patients (PA and EH) were treated with dihydropiridine
calcium-antagonists and/orα-1 blockers which do not have partic-
ular effects on cardiac conduction system. Moreover, in our study,
an increase of QTc length (even into range normality) was found
in PA patients compared to EH patients. Additionally, we found a
positive correlation between QTc prolongation and PAC levels in
PA patients. The data were, in part, similar with the one reported
by Maula et al. (9), which revealed that almost half of the patients
with PA exhibited a pathological QTc length (>440 ms).
We speculated that aldosterone effect through non-genomic
pathway, associated with an increase of second biochemical
messengers, such as calcium or inositol triphosphate, may deter-
mine a prolongation of cardiac potential. Cardiac ion channels
have lipophilic domain capable to bind steroid hormone with
consequently activation or blocking ion channels themselves. Ion
causes alteration, though a prolongation of 2 and/or 3 phase of
potential action can increase the generation of post-repolarization
potentials and a QT prolongation, with potentially ventricular
arrhythmias (19). A difference in QTd was non-found in our
study groups, which means that a homogenous repolarization was
preserved that these data were in argument with another study
performed by Youg et al. (20) that revealed no significant differ-
ence for QTd prolongation in PA and EH groups. Moreover, it
demonstrated that pharmacological treatment with spironolac-
tone decreases QTd in patients with heart failure, and reduces the
risk of sudden death in patients with infarction myocardial acute
(IMA) and heart failure (21–23).
Finally,we revealed a significant increase of LVHi in our patients
with PA compared to EH patients. These results confirm and
extend other studies reported in the literature (24–27). The LVH
to the increased after-load of patients with high blood pressure
by developing LVH, which predicts cardiovascular events (28) and
should be regressed to improve prognosis (29). Aldosterone is the
key to LVH development: apart from affecting pre-load and after-
load in the setting of a high sodium intake, it augments the effects
of angiotensin II on AT-1 receptors (30,31),and also causes inflam-
mation and fibrosis (30). Altogether, these actions can explain
both the worse prognosis of patients with PA compared to EH
patients (7) and the survival benefit conformed by MR antagonists
in patients with LV remodeling (21, 22).
AUTHOR CONTRIBUTIONS
Conception and design of the work: Mario Curione, Claudio
Letizia. Acquisition of data: Luigi Petramala, Claudio Savoriti,
Marisa Verrenti, Erika Baiocco, Stephanie Salvatore, Laura Zin-
namosca, Gino Iannucci, Susanna Sciomer. Analysis of data: Clau-
dio Savoriti, Marisa Verrenti, Erika Baiocco, Stephanie Salvatore,
Laura Zinnamosca, Gino Iannucci, Susanna Sciomer. Interpre-
tation of data: Mario Curione, Luigi Petramala, Claudio Letizia.
Draft of the work: Luigi Petramala, Claudio Savoriti, Marisa Ver-
renti, Erika Baiocco, Stephanie Salvatore, Laura Zinnamosca, Gino
Iannucci, Susanna Sciomer. Revision of the work: Mario Curione,
Claudio Letizia. Final approval: Mario Curione, Luigi Petramala,
Claudio Savoriti, Marisa Verrenti, Erika Baiocco, Stephanie Salva-
tore, Laura Zinnamosca, Gino Iannucci, Susanna Sciomer, Claudio
Letizia. All Authors agree the accuracy and integrity of any part of
the work.
ACKNOWLEDGMENTS
The authors acknowledge Mr. Clemente Giovanni for precious
technical assistance.
REFERENCES
1. Stowasser M. Hyperaldosteronism: primary versus tertiary. J Hypertens (2002)
20:17–9. doi:10.1097/00004872-200201000-00004
2. Loh KC, Koay ES, Khaw MC, Emmanuel SC, Young WF Jr. Prevalence of pri-
mary aldosteronism among Asian hypertensive patients in Singapore. J Clin
Endocrinol Metab (2000) 85:2854–9. doi:10.1210/jc.85.8.2854
3. Rossi E, Regolisti G, Negro A, Sani C, Davoli S, Perazzoli F. High prevalence of
primary aldosteronism using postcaptopril plasma aldosterone to renin ratio as

























































Curione et al. Cardiac remodeling in primary aldosteronism
a screening test among Italian hypertensives.Am JHypertens (2002) 15:896–902.
doi:10.1016/S0895-7061(02)02969-2
4. Mulatero P, Stowasser M, Loh KC, Fardella CE, Gordon RD, Mosso L,
et al. Increased diagnosis of primary aldosteronism, including surgically cor-
rectable forms, in centers from five continents. J Clin Endocrinol Metab (2004)
89:1045–50. doi:10.1210/jc.2003-031337
5. Rossi GP, Bernini G, Caliumi C, Desideri G, Fabris B, Ferri C, et al. A prospective
study of the prevalence of primary aldosteronism in 1,125 hypertensive patients.
J Am Coll Cardiol (2006) 48:2293–300. doi:10.1016/j.jacc.2006.07.059
6. Stowasser M, Gordon RD, Rutherford JC, Nikwan NZ, Daunt N, Slater GJ. Diag-
nosis and management of primary aldosteronism. J Renin Angiotensin Aldos-
terone Syst (2001) 2:156–69. doi:10.3317/jraas.2001.022
7. Milliez P, Girerd X, Plouin PF, Blacher J, Safar ME, Mourad JJ. Evidence for an
increased rate of cardiovascular events in patients with primary aldosteronism.
J Am Coll Cardiol (2005) 45:1243–8. doi:10.1016/j.jacc.2005.01.015
8. Savard S, Amar L, Plouin PF, Steichen O. Cardiovascular complications associ-
ated with primary aldosteronism: a controlled cross-sectional study. Hyperten-
sion (2013) 62:331–6. doi:10.1161/HYPERTENSIONAHA.113.01060
9. Maule S, Mulatero P, Milan A, Leotta G, Caserta M, Bertello C, et al. QT interval
in patients with primary aldosteronism and low-renin essential hypertension.
J Hypertens (2006) 24:2459–64. doi:10.1097/01.hjh.0000251908.93298.a0
10. Iacobellis G, Petramala L, Cotesta D, Pergolini M, Zinnamosca L, Cianci R, et al.
Adipokines and cardiometabolic profile in primary hyperaldosteronism. J Clin
Endocrinol Metab (2010) 95:2391–8. doi:10.1210/jc.2009-2204
11. Rossi GP, Bernini G, Desideri G, Fabris B, Ferri C, Giacchetti G, et al. Renal dam-
age in primary aldosteronism: results of the PAPY study. Hypertension (2006)
48:232–8. doi:10.1161/01.HYP.0000230444.01215.6a
12. Catena C, Colussi G, Lapenna R, Nadalini E, Chiuch A, Gianfagna P, et al.
Long-term cardiac effects of adrenalectomy or mineralocorticoid antago-
nists in patients with primary aldosteronism. Hypertension (2007) 50:911–8.
doi:10.1161/HYPERTENSIONAHA.107.095448
13. Brown NJ. Aldosterone and vascular inflammation. Hypertension (2008)
51:161–7. doi:10.1161/HYPERTENSIONAHA.107.095489
14. Ahmad N, Romero DG, Gomez-Sanchez EP, Gomez-Sanchez CE. Do
human vascular endothelial cells produce aldosterone? Endocrinology (2004)
145:3626–9. doi:10.1210/en.2004-0081
15. Rossi GP, Di Bello V, Ganzaroli C, Sacchetto A, Cesari M, Bertini A, et al. Excess
aldosterone is associated with alterations of myocardial texture in primary
aldosteronism. Hypertension (2002) 40:23–7. doi:10.1161/01.HYP.0000023182.
68420.EB
16. de Jong S, van Veen TA, van Rijen HV, de Bakker JM. Fibrosis and car-
diac arrhythmias. J Cardiovasc Pharmacol (2011) 57:630–8. doi:10.1097/FJC.
0b013e318207a35f
17. Brilla CG, Janicki JS,Weber KT. Impaired diastolic function and coronary reserve
in genetic hypertension. Role of interstitial fibrosis and medial thickening of
intramyocardial coronary arteries. Circ Res (1991) 69:107–15. doi:10.1161/01.
RES.69.1.107
18. Webster A, Brady W, Morris F. Recognising signs of danger: ECG changes result-
ing from an abnormal serum potassium concentration. Emerg Med J (2002)
19:74–7. doi:10.1136/emj.19.1.74
19. Tillmann HC, Schumacher B, Yasenyev O, Junker M, Christ M, Feuring M, et al.
Acute effects of aldosterone on intracardiac monophasic action potentials. Int
J Cardiol (2002) 84:33–9. doi:10.1016/S0167-5273(02)00115-8
20. Yang TY, Cheng NJ, Ko YS, Kuo CT. QT interval is prolonged but QT dispersion
is maintained in patients with primary aldosteronism. Int J Clin Pract (2007)
61:392–6. doi:10.1111/j.1742-1241.2006.00982.x
21. Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The effect of
spironolactone on morbidity and mortality in patients with severe heart failure.
Randomized aldactone evaluation study investigators. N Engl J Med (1999)
341:709–17. doi:10.1056/NEJM199909023411001
22. Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al. Eplerenone,
a selective aldosterone blocker, in patients with left ventricular dysfunction
after myocardial infarction. N Engl J Med (2003) 348:1309–21. doi:10.1056/
NEJMoa030207
23. Yee KM, Pringle SD, Struthers AD. Circadian variation in the effects of aldos-
terone blockade on heart rate variability and QT dispersion in congestive
heart failure. J Am Coll Cardiol (2001) 37:1800–7. doi:10.1016/S0735-1097(01)
01243-8
24. Rossi GP,Sacchetto A,Visentin P,Canali C,Graniero GR,Palatini P,et al. Changes
in left ventricular anatomy and function in hypertension and primary aldostero-
nism. Hypertension (1996) 27:1039–45. doi:10.1161/01.HYP.27.5.1039
25. Tanabe A, Naruse M, Naruse K, Hase M, Yoshimoto T, Tanaka M, et al. Left
ventricular hypertrophy is more prominent in patients with primary aldostero-
nism than in patients with other types of secondary hypertension. Hypertens Res
(1997) 20:85–90. doi:10.1291/hypres.20.85
26. Matsumura K, Fujii K, Oniki H, Oka M, Iida M. Role of aldosterone in
left ventricular hypertrophy in hypertension. Am J Hypertens (2006) 19:13–8.
doi:10.1016/j.amjhyper.2005.05.013
27. Lee HH, Hung CS, Wu XM, Wu VC, Liu KL, Wang SM, et al. Myocardial ultra-
sound tissue characterization of patients with primary aldosteronism. Ultra-
sound Med Biol (2013) 39:54–61. doi:10.1016/j.ultrasmedbio.2012.08.023
28. Casale PN, Devereux RB, Milner M, Zullo G, Harshfield GA, Pickering TG, et al.
Value of echocardiographic measurement of left ventricular mass in predict-
ing cardiovascular morbid events in hypertensive men. Ann Intern Med (1986)
105:173–8. doi:10.7326/0003-4819-105-2-173
29. Muiesan ML,Salvetti M,Paini A,Monteduro C,Galbassini G,Bonzi B,et al. Inap-
propriate left ventricular mass changes during treatment adversely affects car-
diovascular prognosis in hypertensive patients.Hypertension (2007) 49:1077–83.
doi:10.1161/HYPERTENSIONAHA.107.087320
30. Robert V, Van Thiem N, Cheav SL, Mouas C, Swynghedauw B, Delcayre C.
Increased cardiac types I and III collagen mRNAs in aldosterone-salt hyperten-
sion. Hypertension (1994) 24:30–6. doi:10.1161/01.HYP.24.1.30
31. Yamada M, Kushibiki M, Osanai T, Tomita H, Okumura K. Vasoconstrictor
effect of aldosterone via angiotensin II type 1 (AT1) receptor: possible role of
AT1 receptor dimerization. Cardiovasc Res (2008) 79:169–78. doi:10.1093/cvr/
cvn064
Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 18 June 2014; accepted: 28 September 2014; published online: 06 November
2014.
Citation: Curione M, Petramala L, Savoriti C, Verrenti M, Baiocco E, Salvatore
S, Zinnamosca L, Iannucci G, Sciomer S and Letizia C (2014) Electrical and
myocardial remodeling in primary aldosteronism. Front. Cardiovasc. Med. 1:7. doi:
10.3389/fcvm.2014.00007
This article was submitted to Hypertension, a section of the journal Frontiers in
Cardiovascular Medicine.
Copyright © 2014 Curione, Petramala, Savoriti, Verrenti, Baiocco, Salvatore, Zin-
namosca, Iannucci, Sciomer and Letizia. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, dis-
tribution or reproduction in other forums is permitted, provided the original author(s)
or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.
www.frontiersin.org November 2014 | Volume 1 | Article 7 | 5
